A virtual agent is a human-like character that is designed to assist users in interactions with technology and virtual worlds. Research into the preferred visual characteristics of a virtual agent has focused on education-based agents, gaming avatars, and online help assistants. However, findings from these studies are not necessarily generalizable to other technologies, such as self-service checkouts (SSCO). This paper describes data from 578 participants, looking at the gender preferences of Virtual Assistants (VA) in a SSCO context and the impact of VA realism depending on user gender. Due to female participants' preference for female VAs, and an overall preference for threedimensional characters, a realistic, female VA should be used in SSCO. The results are discussed in terms of similarity-attraction theory and social role theory.
Introduction
Technology plays a central role in service delivery, providing several channels through which consumers can be reached, e.g., the Internet, mobile technologies and kiosks [1] [2] . Many of these channels are self-service -technologies that enable users to direct the service they receive, e.g., cash withdrawals, shopping transactions etc., with minimal direct input from staff [ 3] . Self-service technology tends to be used less by people who value the social interaction available during face-to-face transactions [ 4] . This suggests that SSCO would benefit from social presence, i.e., the feeling of interacting with another person such that the perceived role of technology is reduced [5] [6] [7] . Reeves and Nass [ 8] argue that people already treat technologies like social actors -a tendency that could be enhanced in SSCOs by implementing a human-like interface agent in the role of Virtual Assistant (VA). Additionally, a visually present VA can improve performance by reducing the number of people that make mistakes during transactions [ 9] .
Most research into self-service technology has focused on the attitude towards and interaction with websites [ 4] , and thus the impact of virtual characters has focused on their role in online applications [ 6] , [10] [11] [12] [13] [14] [15] . It is difficult to determine whether the effects of particular services investigated in one study can be generalized to other types of services [ 2] , as users of different technology-based services have different motivations and rely on different types of guidance based on the context and task.
Background
Technology-based interaction with consumers reduces the capacity to meet the need for social interaction during service encounters, having a negative impact on the consumer's intention to use self-service technology [ 2] . An appropriate visual representation of an employee could reintroduce a positive social aspect. Conversely, a virtual agent that lacks perceived intelligence, competence or trustworthiness, or that appears eerie, unattractive, inappropriate or unhelpful, has the potential for negative outcomes such as frustration or unwillingness to use it [ 14] , [ 16] . Enabling users to select an agent's appearance should provide a more veridical index of their preferences rather than requiring users to rate an agent based on critical features. This study looks at preferences for such an agent's gender and degree of realism. In this self-service context, we use the term 'VA' -a specific type of interface agent usually applied to e-commerce. An interface agent is, more generally, a computer-generated character designed to interact with users by simulating human appearance and behaviors through artificial intelligence. Dependent on their function, they are referred to as Virtual Customer Service Agent [ 15] , Product Recommendation Agent [ 6] , Embodied Conversational Agent [ 11] , [ 17] , Pedagogical Agent [ 18] , [19] [20] [21] , [31] , or as a human-like or embodied agent/character [12] [13] , [23] [24] [25] [26] [27] .
Research on user preferences for agent gender presents contradictory findings and trends, from a preference for same-sex virtual agents, to a preference for opposite sex virtual agents, and no gender preference at all [ 6] , [ 17] , [ 22] , [ 28] . These differences may be due to user characteristics, but also context [28] [29] . Lee [ 23] for example, found that participants were more open to suggestions made by a virtual character whose implied gender matched the gendered topic. In a gender-neutral task (sorting photographs) Cowell and Stanney [ 17] reported a trend in females towards a preference for a virtual character of the opposite sex. Conversely, Kim and Wei [ 22] found a preference for gender-matched virtual agents, even though the context -a computerbased algebra learning environment -may have been perceived as requiring male expertise. Baylor and Plant [ 28] , however, revealed preferences for gender-matching in females dependent on the topic of the learning task; when the purpose of the agent was to aid users in a male-dominated topic (engineering), male agents were deemed more appropriate and similarity became less important than perceived expertise.
In online retail environments, Qiu and Benbasat [ 6] suggested that gender is less important to users than other demographics, finding no overt VA gender preference in an online shopping context, but rather a preference for ethnicity-matching, especially in females. McBreen et al. [ 11] also found little evidence of gender preference. VA gender preference may also be affected by other appearance-based differences. McBreen & Jack [ 12] , for example, reported that VA gender preference in an e-retail environment might be affected by its realism: participants preferred a realistic male over a realistic female agent, and a cartoonized female over a cartoonized male agent.
Virtual Assistant Characteristics.
To systematically assess preferences for particular VA characteristics in SSCO, we invited participants to choose among VAs in a public technology exhibit. This helps to determine whether people prefer the idea of interacting with a male or female VA, and the extent to which he/she should resemble actual checkout staff, as opposed to idealized versions of the user, as tends to be the case for role/social models in learning environments [ 21] , [28] [29] [30] and selfrepresentations in shared virtual environments ('avatars') [ 29] , [31] [32] .
Similarity Attraction Theory vs. Social Role Theory. There are two key theories relevant to VA characteristics. The first is similarity-attraction theory, which suggests that people are attracted to similar others [ 6] , [ 20] , [26] [27] , who tend to be perceived as more credible, resulting in increased liking [ 6] , and in technology, reduced discomfort with the interface [ 33] . Similarity can be investigated on several levels, including global features such as culture, ethnicity and gender, local features such as hair color and face shape, social and personality factors such as levels of politeness or extraversion, and behavioral similarity [ 31] . We focus on gender and realism, since these can be directly compared to user characteristics. As it is necessary for human-like characters to be dressed, clothing was varied, but examined in an exploratory manner.
A VA created to give impressions of warmth and expertise may be deemed more appropriate in SSCOs. This is in line with the second theory of relevance, social role theory, which posits that social group roles are used to infer stereotypes about them, reflected in status and power differences [ 34] , [35] [36] . For instance, the disproportionate amount of domestic roles that women play relative to men results in the expectation that women should possess communal traits and behaviors such as friendliness. Deviations from gender norms tend to be met with surprise or moral disapproval [ 35] . In the example of SSCO, a warm (female) and competent (realistic) VA may be preferred, depending on stereotypical expectations of staff in such service encounters.
Gender. Similarity-attraction theory predicts preferences for gender-matching. This may be especially the case for females [ 6] , [ 32] who have been found to prefer interacting with other females [ 37] , not necessarily because they like females more than males, but because males, as a dominant group, pose more threat [ 38] . As a result of women's greater inter-dependence (relative to male independence), they tend to use similarity as the basis for social bonds [ 34] . Based on similarity-attraction theory, two hypotheses are derived with regards to VA and participant gender:
• Hypothesis 1a: Participants will more often choose VAs of the same implied gender to themselves.
• Hypothesis 1b: Female participants will show a greater preference for gendermatching than male participants.
Social role theory predicts a preference for VAs that represent typical checkout staff, given their role. Females are stereotyped as being caring/helpful [ 37] , and thus, female VAs may be seen as more appropriate in SSCOs than male VAs, i.e., VAs by evoking stereotypes of helpfulness/approachability as deemed suitable for the role:
• Hypothesis 2: Participants will more often choose female VAs over male VAs.
Realism.
Hypotheses are harder to derive in relation to realism because it is not possible to compare preferences of a "less realistic person" with preferences of a "more realistic person". It is also difficult to assess in relation to the two theories because a preference for the VA to be most like oneself or most like an actual employee would both result in a preference for high realism.
Unlike gaming worlds and computer-based learning environments, a VA in a SSCO may be more valued as task-oriented, as opposed to socially-oriented. This suggests a preference for realistic, three-dimensional VAs that are similar to users in terms of human-likeness and thus imply a similar level of intelligence and credibility. The reasoning is that while people are drawn to similar others, they do not need others to be or to represent themselves. Similarly, social role theory predicts a preference for realistic VAs because they are most like actual employees in human-likeness, implying more competence in their role. Based on both theories, we suggest:
• Hypothesis 3: Participants will more often choose more realistic VAs over cartoonized VAs.
Social role theory suggests that this may be especially true for males who value utilitarian aspects of human-computer interaction [ 6] , making the potency of the VA role more important to this demographic of user. Baylor and Kim [ 39] found that males, but not females, learn more with realistic agents than cartoon agents. Similarly, Haake & Gulz [ 18] found that males, who preferred more detailed, three-dimensional agents over cartoon agents, also preferred more strictly task-oriented agents. Thus:
• Hypothesis 4: Male participants will show a greater preference for more realistic VAs than female participants.
Method
Setting. The impact of VA gender and realism was tested by asking participants to choose between VAs that differed on these aspects. Data were obtained from a SSCO simulation ( Fig. 1 ) displayed at the Dundee Science Centre Exhibition titled "Robot: The Fantasy & the Reality" which was open to the general public. Amongst other attractions, such as robot models used in popular media and robots in science, visitors could interact with the touch-screen on a SSCO typically found in supermarkets. The exhibit stated that participant responses would be used for research and that individual data would be anonymous. After selecting a VA, users could then choose to engage in a produce-finding task. The preference data are the focus of this paper. This method allowed us to collect data from a large participant sample, reducing the margin of sampling error. It may be argued that the sample of visitors to a science center are not representative of the general population. However, a wide variety of individuals from the UK visited the Centre; the exhibition consisted of a variety of exhibits, from robots, to games and showcases of industry-specific technology. Those using the SSCO exhibit are likely to be self-selected -just as users of actual SSCOs are. It is also possible that some used the SSCO more than once or gave incorrect demographic information. The large sample size limits the effects of noise in the data. Also, there was no experimenter present while people interacted with the SSCO, reducing social response bias. Stimuli. Eight static VAs were presented in random order, varying in terms of gender, realism, and formality of dress (Fig. 2) . Given the high number of permutations, randomization ensured that systematic effects of VA order were minimal. Formality of dress was an exploratory variable, yielding no significant impact on preference.
We collated the frequency of preferences for male versus female VAs, and the three-dimensional versus cartoonized VAs, and grouped these according to participant gender. Examples of the differences between VAs based on gender and realism can be seen in Fig. 2 .
Procedure. After reading the start-up page providing information on the study, participants pressed the 'Begin' button, and eight VAs were displayed on the screen. Participants were asked to choose their preferred VA by touching its image (Fig. 2) . Participants were then asked to give demographic information, followed by the produce finding task. The frequency of VA choices was logged as the Dependent Variable.
Fig. 2. Eight VAs differing in gender, realism, and dress (exploratory)
Results -VA Gender. Addressing Hypotheses 1a, 1b, and 2, a 2x2 Chi-Square test revealed a relationship between the VA's implied gender and participant gender [χ2(1, N = 578) = 78.364, p < 0.001] with a moderate association [Φ = 0.368]. The majority (≈83%) of females chose a female VA, compared to nearly half (≈48%) of males (Table 1) . Female VAs were preferred over male VAs with almost 70% of all participants choosing a female VA. Results -VA Realism. Addressing Hypotheses 3 and 4, a 2x2 Chi-Square test revealed a relationship between VA realism and participant gender [χ2(1, N = 578) = 8.093, p = 0.004] with a weak association: Φ = 0.118. The majority (≈63%) of females but more males (≈75%) chose three-dimensional, realistic options (Table 2) . 
Discussion
Similarity-attraction theory predicts that participants would choose to gender-match. This was found for the majority of females, but not males, who chose male VAs almost as often as they chose female VAs, supporting Hypotheses 1a partially and 1b fully. Overall preference was for female VAs, but because this relies primarily on female participant data, the findings only partially support Hypothesis 2. The male gender-preference data were in line with neither similarity-attraction theory, nor social role theory. The findings also support Hypothesis 3, as most participants chose three-dimensional VAs, reinforcing the idea that VAs in a SSCO context serve a taskbased function, with slightly more men than women preferring this level of realism (support for Hypothesis 4), lending support for social role theory. While neither theory was fully supported, they provide insights and reasonable interpretations of the findings. Similarity-attraction theory suggests that identification with a social group enhances co-operative behavior, commitment, knowledge contribution, participation, and organizational citizenship behavior [ 7] . Females, having a stronger collective bond with other females than males have with other males [ 37] , might have chosen to gender-match because it increases comfort during the interaction. There may also be positive performance-based outcomes for female users interacting with a same sex VA, as evidence suggests that women become more taskoriented when interacting in same-sex groups than in mixed-sex groups [33] [34] . In contrast, males often like interacting with the opposite sex, due to positive attitudes towards maternal attributes [ 37] . Despite this, our results show no male preference for a female VA. The findings reflect a less pronounced within-sex bias in men, consistent with other research in human-human interaction [ 37] .
The findings are also consistent with research suggesting that males are more concerned with utilitarian aspects of human-computer interaction [ 6] , [ 39] , since a higher percentage of males than females chose a realistic agent. Nevertheless, the majority of both males and females preferred three-dimensional, realistic VAs. Thus, both sexes seemed more concerned with utilitarian aspects of the SSCO simulation, and less concerned with hedonic aspects. While Haake and Gulz [ 18] found no preference for realism in males, they did find that males who preferred more detailed, threedimensional agents over cartoon agents also preferred more strictly task-oriented agents -highlighting the link between realism and utilitarian goals.
More females preferred realistic VAs than cartoonized Vas, suggesting that human-likeness (similarity-attraction) and/or assistance-based role (social role) of VAs were more important to users over other factors, such as self-representation or enjoyment. The two possible explanations based on the two theories are not necessarily in opposition. First, in line with similarity-attraction theory, participants of both sexes may have been driven by the task-oriented nature of SSCO, resulting in a preference for VAs that were most like themselves in terms of realism. Second, in line with social role theory, participants may have been more concerned with the VA's role over its attractiveness, thus, choosing VAs that were closer visual representations of actual supermarket employees, i.e., three-dimensional. In SSCO, this involves displaying 'appropriate' checkout assistant characteristics such as warmth and approachabilitytraits which are more readily perceived in human-like females [ 36] .
There are some limitations associated with this study. First, perceptions of the VA were not measured. These perceptions, and other possible reasons for choosing VAs, could be tackled in future studies, perhaps with more qualitative research. Second, there may have been other factors that made three-dimensional VAs more attractive, such as familiarity with realistic characters in computer games or the association between two-dimensional cartoons with children's TV programs. Realistic VAs could also have been more attractive because they were more (but not too) human-like, thus avoiding the "Uncanny Valley", which proposes that more human-like characters are preferred to less human-like characters, until they become so human-like that they are eerie [ 14] , [ 16] . Finally, the context is less ecologically valid than an actual supermarket setting, but arguably more ecologically valid than a lab-based study.
Conclusions.
Females chose to gender-match and to interact with a more realistic VA. Males exhibited little preference for either gender, and a greater preference than females for realistic VAs. Thus, where it is not feasible to gender-match in SSCO, the recommendation is to implement a realistic female VA.
Our findings raise the question of whether VA choice would be a viable option to engage consumers in SSCO, as this would go beyond mere acceptance of an existing agent, thus potentially alleviating the perpetuation of stereotypical assumptions.
